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The toxicity of normal human serum for the guinea pig has usually 
been referred to in the literature on the toxicity of heterologous sera 
without definite data on the variables to be met with in such studies. 
Thus De Kmif  ~ states that normal human serum killed  small guinea 
pigs in doses of 0.5  to 0.75 cc. but does not indicate the age  of the 
serum.  The inference from his experiments on the toxicity of normal 
rabbit blood for the guinea pig is that the effect is anaphylotoxin-like 
in  nature, incident to dotting and certain experimental procedures. 
Taniguch~ reported that some "normal" human sera showed a toxicity 
for  the  guinea pig, and attributed this to their heterophilic antibody 
cor~tent  (which  he  demonstrated  definitely  by  suitable  absorption 
tests) on the basis of the quantitative relationship between the pri- 
mary toxicity of a  given serum and its  content in heterophilic anti- 
body.  On this ground, he proposed the hypothesis that the occasional 
anaphylaxis-like reaction in the human following the administration 
of horse serum was heterophilic in nature, since horse serum is known 
to contain a  heteroplnqic antigen.  But no actual study of the effect 
of such treatment with horse serum upon the primary toxicity of the 
human serum for the  guinea pig has  been  found in  the  literature. 
An increased toxicity was noted by one of us in a  study of passive 
transfer of the anaphylactic antibody in the  serum  of  certain  cases 
of serum sickness,  s  The increased content in heterophilic antibody of 
such  sera,  as  manifested in  their  capacity  to  hemolize and  to  ag- 
glutinate  sheep  cells,  after  differential  absorption  with  rabbit  and 
t De Kruif, P. I-I.,  J. Infect. Dis., 1917, xx, 717. 
2 Taniguchi, T., J. Path. and Bact., 1922, xxv, 77. 
s Tuft, L., and Ramsdell, S. G., J. Immunol., in press. 
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guinea pig kidney emulsions, was definitely established.  4  (The same 
case numbers have been used in both studies.) 
It is the purpose of this paper to report a preliminary study of the 
occurrence and nature of the effects of administering to guinea pigs 
human serum from 14  cases without history of serum treatment, 5 
cases with history of such treatment without serum sickness,  and 14 
cases with history of serum sickness;  in all of which the  important 
factors of the age of the serum, its dosage, the size of the experimental 
animal, and the time relation of the bleeding of the patient to adminis- 
tration of the antiserum have been considered. 
Technic. 
The great variabifity in the reactivity of the guinea pig was found 
to depend on two factors: the weight of the animal and the dosage of 
the human serum.  Following a number of experiments, optimal con- 
ditions were obtained by the use of animals of about 180 gin. and a 
uniform dosage of 1 cc. of the serum.  This was given by a jugular 
puncture, without narcosis and with care to avoid loss of blood.  That 
none of the ensuing symptoms of toxicity could be ascribed to physi- 
ological  upset due to the volume of the injection was shown by the 
fact that a dose as high as g co. of inactivated normal human serum 
was borne without the slightest sign of discomfort. 
1.  The Toxicity of Normal Human Serum. 
Early in the study it became evident that every fresh human serum 
possessed  a  considerable toxicity for the guinea pig under the given 
experimental conditions.  Typical results of a  study of the duration 
of this phenomenon are shown in  Table I.  In no case was serum 
from a  case without history of serum treatment found to be fatally 
toxic after 3  days of aging.  It  thus becomes possible  to  separate 
definitely the toxicity inherent in all fresh human sera from that found 
in aged serum after treatment of the patient with any of the usual 
antisera. 
But it is to be noted that the response of the animal in the first case 
cannot be dearly differentiated from what will be shown to occur in 
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the second:  the reactions are markedly similar, in both cases, to true 
anaphylaxis.  The  only clear  differences between  them  lay  in  two 
manifestations found following the administration of fresh serum but 
not that of toxic aged serum.  First,  the frequent early appearance 
of a  great weakness, especially in the hind quarters, which was not a 
paralysis, since the animal could move readily if provoked; second, in 
the absence at all times of froth from the mouth and nose.  If the 
TABLE  I. 
Showing the Effect of Time on the Toxicity of Fresk Human Serum. 
Case 
No. 
45 
54* 
56 
Guinea pig reaction 
Prostration in 2 mln~  Death in 10 rain. 
Convulsions in 2 rain.  Prostration in 3 rain.  Death 
in 20 min. 
Jerky breathing in 10 vain.  Weakness. Recovery. 
No immediate effect. Occasional convulsive effort at 
40 rain.  Recovery 
Weakness in 2 min.  Clonic  seizures in 6 rain.  Pros- 
tration and death in 17 rain. 
Weakness in 2 rain.  Clonic  seizures in 3 mln.  Pros- 
tration in 6 rain.  Death in 14 rain. 
1. Jerky breathing in 8 rain.  Few slight clonic seiz- 
ures.  Continued jerky breathing.  Recovery 
2. Slight clonic seizures in 5 rain., lasting about 1 rain. 
Jerky breathing.  Recovery 
Clonic seizures  in 3 rain.  Death in 5 mln. 
Jerky breathing.  Prompt recovery to normal 
* The four animals used in this experiment varied no more than 5 gin. in weight. 
chest was opened immediately after the animal had stopped breathing, 
the following conditions were found, although there was not the great 
regularity present in the same sort of examination made after a  true 
anaphylactic  death:  The heart  beating  in  block with  both  auricles 
and the right ventricle markedly distended;  after death,  clots in the 
ventricles;  the  lungs.regularly  as  described  as  characteristic  for 
heterophilic shock rather than  that  caused by ox serum/except  for 
the absence of a marked edema. 
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TABLE  II. 
Toxicity of Serum Fotlmeing Treatmen2 wilk Anhisera. 
Case 
No. 
13 
57 
11 
10 
34 
2,  I 
14,  I 
II 
56,  I 
II 
8 
9,  II 
9, III 
Interval  after 
treatment 
5 days 
10 days 
1 day 
21 days 
29 days 
43 days 
49 days 
2 yrs. 
I day 
47 days 
67 days 
Before treat 
ment 
2 days 
6 days 
(also 1 yr. 
earlier) 
4 days 
18 days 
Serum sickness 
None 
None 
None 
None 
None 
None 
None 
None 
Immediate 
Immediate 
Immediate 
Immediate 
Severe 
Local  and 
general 
As in I 
Interval after 
serum sickness 
Few hrs. 
46 days 
1 day 
1 day 
Few hrs. 
Few hrs. 
13 days 
Guinea  plgreaction 
None 
None 
None 
Weakness.  Light 
clonic  seizures. 
Death in 20-30 rain. 
Very  jerky  breathing 
and weakness for 30 
rain.  Recovery 
Jerky  breathing. 
Weakness.  Recov- 
ery 
None.  (1.5 cc.  dos- 
age) 
Weakness.  Recovery 
Death in 20 rain. 
Death in 30 rain. 
None 
None 
None 
Prostration.  Death in 
less than 2 hrs. 
None 
Convulsions,  Death 
in 20 min. 
None.  (Fatal anaphy- 
laxis  with  0.5  cc. 
transfer) S.  G.  RAMSDELL AND  I.  DAVIDSOHN 
TABLE  II---.Cont~nued. 
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C~ 
No. 
7 
2, III 
IV 
12 
1 
33 
56, III 
IV 
V 
VI 
VII 
VIII 
55,  I 
II 
III 
Interval after 
treatment 
12 days 
2 days after 
last 
13 days af- 
ter last 
40days 
49 days 
64days 
5 days 
Serum  sickness ! 
Severe 
Severe 
Severe 
Interval  after  Age of  Guinea  pig reaction  serum sickness  serum 
5 days  15 days  None 
6days  8days  Death  in  4  mln.  (1 
cc.  inactivated  se- 
rum  caused  only 
slight  symptoms) 
0.5 cc. dose:  death 
in4 min. 
20 days  8 days  Death in 4 vain. 
45 days  Death in 15 rain. 
36 days  11 days  None 
43 days  4 days  Doubtful 
50 days  5 days  None 
Few hrs.  5 days  None 
8 days 
11 days 
14 days 
19  days 
30  days 
Before  treat- 
ment 
4 days  None 
7 days  None 
after on- 
set 
3 days  i1 days  Jerky breathing.  Re. 
cove~ 
6 days  8 days  As in IV 
9 days  5 days  Jerky breathing for 2C 
min.  Recovery 
14 days  10 days !  None 
25 days  6 days  None 
14 days  None 
Severe 
Severe 
Light 
Moderate 
10  days  None 
7 days  Jerky  breathing. Defi- 
nite  continued  clonk 
seizures. Death  i~ 
30 mln. NO. 
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TABLE  II--Conduded. 
Interval after 
treatment 
IV 
V 
VI 
58,  I 
II 
III 
IV 
V 
Serum sickness 
!]l  days 
I 
14 days 
18 days 
Before treat- 
ment 
3 days 
7 days 
10 days 
14 days 
Interval  after  Age of 
serum sickness 
None 
Very mild 
None 
None 
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1 day 
5 days 
Severe  1 day after 
3-4 days  onset 
5 days 
serum  Guinea pig reaction 
8 days  Slight  weakness only. 
(Experiment  re- 
i  peated  with  same 
results) 
5 days  Clonic  seizures in  3 
mln.  Death  in  5 
mln.  Froth  at 
mouth and nostrils 
7 days  None 
10 days  None 
7days  Jerky breathing.  Re- 
covery 
3 days  Clonic seizures.  Re- 
covery 
5 days  None 
8 days  None 
H.  Effect of Treatment with Antlsera  upon Primary  Toxicity 
of the Serum. 
The  findings  as  to  toxicity  of post  treatment  sera  are  given  in 
Table  II,  where  the  cases  have  been  grouped  according  to  their 
response to the antiserum.  If only a fatal reaction in the guinea pig 
is considered as a  criterion of toxicity in the serum, it may be noted 
that  this phenomenon occurred in  only one  (Case  57)  of  the  five 
instances in which a  history of serum sickness was lacking, and not 
at all in any of the 14 cases without history of treatment. 
Of the 19  cases in which horse serum had  been administered,  11 
furnished serum definitely toxic for the guinea pig in a  1 co. dose, but 
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in the case noted above) and where the interval between this and the 
time of bleeding lay between the 5th and the 20th day.  The exception 
is in one instance of an accelerated serum sickness (Case 2, I) where the 
sheep cell agglutinin titer at this time suggests the explanation of an 
already existing unusually high content of heterophilic antibody.  It 
must also be noted that two factors may have brought  the positive 
findings for toxicity to a lower number than  would have obtained if 
these could have been 'controlled, namely, the interval after treatment 
at which the bleedings were made, and the use only of  guinea pigs 
known to be non-complement  deficient~  6 
In these examples then, 1 cc. of serum in many cases of serum sick- 
ness where the antibody response is general, would seem to contain 
an amount of the toxic factor comparable to that found by Redfern  7 
in heterophilic immune rabbit serum, where the minimum lethal dose 
was  about  1  cc.  for slightly larger animals than  Hose used in our 
experiments. 
The manifestations presented by  the  animals after  injections of 
toxic sera were, generally, of the type described by that author; that 
is, the symptoms could nut be differentiated from those characteristic 
of typical anaphylaxis, except that occasionally an animal collapsed 
before it could be removed from the operating board, and showed no 
other evidence of life beyond a  few terminal gasps; and in  certain 
other instances, the animal would breathe so jerkily as to move the 
whole body for a few minutes and then later suddenly fall to one side 
without the usual manifestation of definite clonic seizures, make run- 
ning motions, become quiet, lie thus for some moments, and finally 
cease breathing with a few gasps.  Bloody froth from the moutk and 
nose occurred, but not regularly. 
The lungs were uniformly hemorrhagic; sometimes punctate, some- 
times splotched with diffuse or solidly dark red areas.  In section, a 
corresponding appearance was found; occasionally, the whole center 
of the lobe would be dark red to within a  millimetre of the pleura. 
The heart was always found engorged; and, if it had stopped beating, 
the auricles and right ventricle were seen to be markedly distended. 
e Hyde, R. R., Am. J. Hyg., 1927, vii, 619. 
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The primary toxicity of the serum was capable of modification by 
three factors: heating to 56°C. for 30 minutes, absorption by guinea 
pig kidney pulp, and ageing.  The last factor was operative in one 
specimen after 45 days, when lethal toxicity had disappeared; but in 
another,  this  had  persisted  apparently  unchanged after  the  same 
interval. 
When the surviving animals, including those injected with inacti- 
vated or absorbed serum, were reinjected 48 hours later with horse 
serum (1 cc.)  typical violent anaphylaxis occurred in 21 cases out of 
33; but 5 of the guinea pigs not having shown primary toxicity, and 
1I having shown the latter did not exhibit anaphylactic symptoms. 
This discrepancy in antibody content is particularly evident in Case 
55  (Table  II),  in which none of  the usual  antibodies to  be  found 
following serum sickness could be demonstrated at any time.  This 
is  then apparently an  example of individual variation  in  antibody 
response. 
The interval between the onset of serum sickness and the time at 
which the bleeding was made was shown to be an important factor 
in the demonstration of toxicity, as it is for regular antibody produc- 
tion,  3 as shown in Case 1, where the toxicity was marked in serum 
taken 21 days after the onset of the rash, but had disappeared by the 
35th day. 
III.  Effect of Absorption of Toxic Serum with Rabbit and Guinea Pig 
Kidney Suspensions. 
In an effort to answer the question as to whether or not the source 
of the observed toxicity lay  in a  heterophilic antigen and  immune 
serum  reaction (of  the  Forssman type), differential absorptions  of 
the sera were made as follows: 
Rabbit and guinea pig kidney suspensions were made by cutting an 
organ into small pieces, rinsing thoroughly with saline, and pulping 
in a mortar with equal parts of saline.  A volume of two proven fatal 
doses of the serum was treated with 2 capillary drops of the guinea pig 
kidney suspension, and a like preparation was made with the rabbit 
kidney for control.  These were kept 15 minutes in the water bath at 
37°C.  and  43  minutes  in  the  ice  box.  These  preparations, after 
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of the ~me size.  The whole experiment was carried out on the same 
day.  Typical results are shown in Table III. 
In four of seven sera studied for this phenomenon, when a double 
fatal dose of the toxic sera was absorbed differentially by  rabbit  and 
guinea  pig  kidney  emulsions  a  definite  to  marked  difference  was 
TABLE  III. 
Eff~t of Absorpt~ upo. To~ity. 
Case 
No. 
2, II 
3 
5§ 
7§ 
9¶ 
Age 
sell 
m 
da 
5' 
6 
w 
Guinea  Dig reaction  following  injection  of serum  absorbed  by: 
Rabbit  kidney  emulsion  Guinea  pig  kidney  emulsion 
Slight jerky breathing 
Weakness for an hour 
Immediate death 
Convulsions; death in 8 rain. 
None 
Slightly difficult breathing 
None 
Convulsions;  recovery  at  9 
Violent seizures; death in 5 rain, 
Death m 7 rain. 
Convulsions; death in 15 rain. 
Convulsions; death in 2 vain. 
Prostration; death in 40 rain. 
rain.; convulsions  again at 60 
rain.  Death  at  103  mln. 
(Exhaustion?) 
None 
Slight clonic seizures only 
Convulsions; recovery 
Weakness after 30 vain. 
Slight jerky breathing 
* Single lethal dose of serum absorbed. 
3' Blood taken 6 days after serum sickness. 
Single lethal dose, 1.5 cc. (in other cases 1 cc.). 
§ Blood taken on day of serum sickness. 
¶  Blood taken 5 days after first serum sickness (on 1st day of second sickness). 
shown,  the rabbit kidney-absorbed  serum  in  every  case manifesting 
the  greater  toxicity.  These  results  favor  the  view  that  for  these 
human immune  sera the guinea pig kidney  contained an increase of 
a specific reacting antigenic substance (heterophilic antigen) over that 
found in the rabbit kidney.  But there is  evidence,  in  the  difficulty 
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may be also a  common absorbing substance analagous to the group 
reaction differences found in other immune phenomenon; and there is, 
too,  the  alternative possibility  that  this  common absorbing  factor 
may  be  due  entirely to  the  common purely  physical property  of 
absorption of one colloid by another. 
SUMMARY. 
From the foregoing study there are indications: 
1.  Of  toxicity in all fresh human serum for the guinea pig;  this 
toxicity  tends  to  disappear  after  48  hours  after  bleeding,  and  its 
manifestations are strikingly similar to those of the heterophilic anti- 
body in ~mrnune rabbit serum. 
2.  Of an increased toxicity in the serum of antisera-treated human 
cases; this is usually coexistant with the production of other antibodies; 
it  tends likewise to  disappear  in  time  after  treatment;  differential 
absorption experiments indicate that its character is heterophilic, and 
its manifestations differ from  those of  anaphylaxis in  that  certain 
circulatory effects--hemorrhage and increased edema in the lungs and 
distension of the right heart--are added to the usual findings in true 
anaphylactic deaths. 